r Introduction
In recent years, there have been increasing interests in the interaction of short laser pulses with overdense plasmas1"12. For sufficiently short laser pulses, the hydrodynamics motion of the heated target does not play a dominant role, and the production of high-density plasmas with sharp density gradient become feasible. One topic of great interest is to study the dependence of the light absorption on the laser intensity and the plasma temperature in such plasmas. It has been observed in experiment~l-~ that, starting from sufficiently low intensity, the absorption rate increases as a function of laser intensity, until it reaches the "resistivity saturation"', a condition in which the electron mean free path reaches a minimum value. Further increase of the laser intensity and the plasma temperature will then cause an increase in the electron mean free path and a decrease in the absorption rate. When the electron mean free path is longer than the skin depth, theoretical s t~d i e s '~* '~ suggest that. collisionless absorption mechanisms such as sheath inverse brern~strahlungl~ and the anomalous skin effect'*J5 become important.
In this paper, we modify the original sheath inverse bremsstrahlung model13 by 
I1 Theoretical Model and Derivation of the Sheath Inverse Bremsstrahlung Absorption
The model consists of an overdense plasma filling the half-space x > 0, and electromagnetic fields of the following form
where Eo and w are real-valued constants, while k is a complex number with a positive imaginary part. 'Immobile ions, with zero density for x < 0 and a constant density for specular reflection is assumed, that is the y and z components of the momentum remain unchanged, while the x-component reverses with the amplitude unchanged.
Since the typical time scale to reverse electron momentum in the sheath region is l / w p , which is much shorter than both the wave period (2alw) and the transit time in the skin depth ( c/oewp) in an overdense non-relativistic plasma, instantaneous reflection
I :
is a good assumption. Here, wp = (4~noe~/rn,)~/' is the electron plasma frequency.
The assumption of specular reflection requires that the sheath be one-dimensional,
i.e., the length scale of the transverse variation be much longer than the width of the sheath (approximately equal to the Debye length). The present analysis also assumes that the quiver velocity v,, = eEo/mew is much smaller than the fiducial thermal velocity oe, so that the perturbation analysis is applicable.
For an electron located at z'(t') = x > 0, at the time t' = t , with velocity
~' ( t '
= t ) = v = v,2, + vyZy + vZ&, the unperturbed orbits at any earlier time t' < t , in the absence of the electromagnetic fields (Eo = 0), are
= x + v,(t' -t ) , €or v, < 0, and 
( 5 )
For an electron moving to the left with v, < 0, Eqs. (2) and ( 5 ) readily give the perturbed orbits at the time t' = t
im,w eEo IcVy
For an electron moving to the right with v, > 0, the condition of specular reflection requires that Sv,(t, + E ) = Sv,(t, -E ) and Sv,(t, + E ) = -Sv,(t, -E ) for a small positive e. h4aking use of Eq. (3) and the specular reflection conditions, Eq. ( 5 ) is solved to give the perturbed orbits for the right-moving particle (u, > 0) at the time
In the absence of the electromagnetic fields (Eo = 0), the distribution function of the electron is independent of time and can be expressed as where fo satisfies the normalization condition J d % f o { 4 ) = 1 and the symmetry fo( -vZ, vy, v2) = fo (v,, vuy, vz) . In the presence of the electromagnetic fields, the induced current density can be calculated from the perturbed orbits in Eqs. ( 6 ) and In deriving Eq. (9), use has been made of the relation 3 + % = 0, which can be derived from the Liouville's theorem. It is worth mentioning that the second term in the right-hand side of Eq. (9) is due to current bunching, which is characteristic of collective interactions between electromagnetic fields and plasmas (e-g., Weibel in~tability'~-'~ and cyclotron maser in~tability'~). Substituting Eqs. (6) and (7) into Eq. (9) readily gives the induced current density where jR is defined by (11)
In the regime where w2c2 >> wiv," and w, ' >> w2, the j, term in Eq. (10) is small in comparison with the other term. Neglecting the j , term, the induced current j , can be substituted into the Maxwell's equations to determine the relation between k and w, '.e., 
I11 Relation between the Sheath Inverse Brernsst rahlung and the Anomalous Skin Effect
In the usual treatment of the anomalous skin effectl49l5, the absorption coefficient is calculated by extending the plasma and the electromagnetic fields in the present model to the half space z < 0 with 
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The discontinuity in B, requires a current sheet J= iyJ&5(z) exp(-iwt), whose amplitude is determined by between the induced current density j , and the electric Geld E;, it follows that
Here, Z,(k) is the Fouier transform of Ey(z), Le., (20) and (21).
To further elucidate the result in Eq. This result is to be compared with the more accurate one calculated from Eqs. (20) and (21). However, if the vxB term had been neglected, the absorption of the light would be incorrectly interpreted as an increase in the transverse electron temperature, while the conservation of the transverse components of the canonical momentum requires that, after leaving the interaction region (~z~&6), an electron should have the same transverse velocity as before it entered the interaction region.
It was also shown that the sheath inverse bremsstrahlung is related to the anomalous skin effect in the sense that both are limiting cases of a more general collisionless absorption mechanism described by Eqs. in those simulations. It should be reiterated that the present analysis assumes that the electric field of the incident light E;, satisfies E:n << m20mev,2, so that the qiver
velocity of electrons in the overdense plasma is smaller than the thermal velocity.
Moreover, the present model assumes normal incidence for the laser light. Studies of the cases of oblique incidence and of intense incident laser light >> 1m0mev,2)
will be subjects of future investigations.
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